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1 |  INTRODUCTION
The high global demand for energy has led to the natural de-
pletion of fossil fuels, in addition to bringing harmful impacts 
to the environment. It is widely known that many strategies 
are being created to propose viable and environmentally 
sustainable pathways for the production of renewable fuels, 
whose main role is to reduce global fossil fuel exploration.1,2 
In this context, hydrogen gas (H2) production is an excellent 
alternative for substituting fossil fuels, mainly due to its high 
energy density and the zero- emission of gases containing car-
bon during its application.3– 5 Indeed, several studies report 
the discovery of successful H2 synthesis pathways, and many 
of these routes produced the gas by employing metallic ox-
ides as catalysts, for example, titanium dioxide (TiO2).
6- 9
TiO2 is a versatile material because it is biocompati-
ble, non- toxic, photostable, insoluble in aqueous medium, 
corrosion- resistant, and thermally and chemically stable over 
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Abstract
Carbon nanotubes (CNTs) have been employed to enhance the photoactivity of tita-
nium dioxide (TiO2). In this work, CNTs were deposited by chemical vapor deposi-
tion (CVD) onto the surface of anodized Co- TiO2 nanotubes. The influence of CVD 
parameters (time and temperature) on the Co- TiO2/CNT structure and properties was 
investigated. We studied three synthesis times (10, 20, and 30 min) and two synthesis 
temperatures (700 and 800°C). The samples were characterized by scanning electron 
microscopy (SEM), transmission electron microscopy (TEM), Raman spectroscopy, 
and X- ray diffraction (XRD). The photocurrent performance of the electrodes was 
determined by linear voltammetry. The results showed the successful formation of 
Co- TiO2/CNT hybrid structures. The shortest synthesis time produced higher qual-
ity CNTs. The samples synthesized at 700 and 800°C for 10 min exhibited a current 
density of 1.13 mA.cm−2 and 7.84 mA.cm−2, respectively, which is 9 and 65 times 
greater than the Co- TiO2 sample. The synergistic effect of the CNT deposition and 
the crystalline phase composition significantly improved the photoresponse of TiO2. 
The proper choice of synthesis parameters allowed the control of the sample structure, 
leading to the production of electrodes with better light- harvesting performance.
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a wide range of pH.10- 13 In addition to the extensive use in 
H2 production previously mentioned, TiO2 is frequently em-
ployed in pollutant degradation, solar cells, CO2 conversion, 
and supercapacitors, among other applications.14- 19 Recently, 
hybrid materials formed by TiO2 nanoparticles and car-
bonaceous materials (e.g., carbon nanotubes - CNTs) have 
emerged as an interesting option for developing devices that 
produce H2 when combined with electromagnetic radiation 
(visible or ultraviolet light).20- 23
In general terms, the light- harvesting performance of 
the TiO2/CNTs compound during H2 production, which 
many studies report to be better than the performance 
of TiO2 alone, can be attributed to the charge separation 
efficiency of the electron scavenging properties of the 
CNTs.23- 25 This improved performance of the catalysts 
also relates to the increase in the synergistic effect between 
TiO2 and the CNTs, evidenced by the connectivity among 
the materials.26- 28
TiO2 nanotubes can be synthesized to be connected di-
rectly to the CNTs to maximize the photoelectric activ-
ity of the compound. The morphology and surface area of 
the TiO2 nanotubes collaborate in prolonging the lifetime 
of the charges photogenerated during the photocatalytic 
processes by increasing electron mobility. The proposal 
for combining TiO2 nanotubes and CNTs to produce H2 
is recent and little investigated. In our previous study, 
nanoarchitectures of CNTs intimately connected to TiO2 
nanotube arrays were successfully synthesized by anodiza-
tion and chemical vapor deposition (CVD).29 The results 
were very encouraging, as the photocurrent- generating 
capacity of the hybrid materials formed by the TiO2 nano-
tubes connected to the CNTs was around 25 times greater 
than the photocurrent of the sample formed by TiO2 alone. 
This improvement shows that the synthesized compounds 
can be considered promising materials for application in 
light- harvesting processes.
The present paper aimed to assess the influence of time 
and temperature of CVD synthesis on the structure of the 
Co- TiO2/CNT hybrid materials to optimize their photoelec-
trochemical properties. As in our previous study,29 cobalt- 
doped TiO2 nanotubes produced by anodization were used 
as catalysts for CNT growth during the CVD process. The 
crystallinity of the compounds, available TiO2 phases, 
morphology, and integrity of the electrodes as a function 
of CNT deposition were investigated. The quality of CNTs 
was evaluated by the intensity ratio of the defect- induced 
D- band to the graphitic G- band (ID/IG ratio). The ID/IG ratio 
is an important metric widely employed for characteriz-
ing the defect density in carbonaceous materials.30,31 The 
impact of the synthesis parameters on the ID/IG ratio was 
demonstrated statistically. The detailed study of the synthe-
sis parameters promoted the fabrication of electrodes with 
superior photoresponse.
2 |  MATERIALS AND METHODS
2.1 | Synthesis of the Co- TiO2/CNT 
structures
The cobalt- doped TiO2 nanotubes were synthesized by elec-
trochemical anodization. Synthesis parameters and reagent 
concentrations were based on previous works.32,33 Titanium 
foils (Titanews, Grade 2) were employed as anode and a 
platinum foil as cathode. The electrolyte was composed of 
ethylene glycol (Synth, 99.8%), 12.7  mM of diethylenetri-
aminepentaacetic acid (Sigma- Aldrich, 99.9%), 6.35  mM 
of cobalt nitrate hexahydrate (Synth, 98%), 0.5 wt% of am-
monium fluoride (Neon, 99.99%), and 2  vol% of ultrapure 
water. The anodizing potential of 40 V was applied for 1 h. 
Agitation and electrolyte temperature (25°C) were kept con-
stant throughout the process. The anodized samples were 
washed with ethanol and air- dried.
Carbon nanotubes were obtained by CVD using the Co- 
TiO2 nanotubes obtained in the previous step as catalyst. 
Hexane (Synth, 99%) was employed as carbon source. The 
catalyst was placed inside the reactor under argon atmo-
sphere (Air Liquid, 99.99%; flow rate: 250 ml.min−1) and 
the furnace was switched on with a heating rate of 100°C.
min−1. The argon flow was replaced by hydrogen flow (Air 
Liquid, 99.999%; flow rate: 300 ml.min−1) after reaching the 
desired growth temperature (700 or 800°C). Then, hexane 
(flow rate: 100  ml.min−1) and water vapor (50  ml.min−1) 
were introduced into the reactor during the selected synthe-
sis time (10, 20, or 30 min). At the end of the synthesis time, 
the flow of hexane, water vapor and H2, and the heating 
were interrupted. Argon is introduced with a flow of 250 ml.
min−1 to purge the system. The samples were removed from 
the reactor at 400°C. The experimental procedure adopted 
was based on earlier work of the research group.29,34,35 The 
parameters utilized in the CVD synthesis are described in 
detail in Table 1.
2.2 | Characterization
Scanning electron microscopy (SEM, EVOMA10, Carl 
Zeiss; EHT = 10 kV), field emission scanning electron mi-
croscopy (FESEM, Auriga, Carl Zeiss; EHT = 3 kV), and 
transmission electron microscopy (TEM, JEM- 1400, Jeol; 
accelerating voltage = 120 kV) were employed to evaluate 
the morphology of the samples. The ImageJ software was 
used to measure the diameter of the nanotubes in the TEM 
images. Raman spectroscopy was carried out using a micro- 
Raman Spectrometer System (Model inVia, Renishaw) 
with a laser wavelength of 532  nm and laser power of 
0.5 mW. The crystalline phases were determined by X- ray 
diffraction (XRD, X’Pert MPD, Phillips; Cu- Kα radiation; 
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2θ = 15 to 75°) and JCPDS databanks were used for their 
identification.
The photocurrent performance was determined by linear 
voltammetry under simulated AM1.5 solar light illumina-
tion. The electrodes were immersed in a solution of 0.35 M 
of sodium sulfite (Na2SO3, Synth, 98%) and 0.24 M of so-
dium sulfide (Na2S, Synth, 98.5%). The measurements were 
carried out with a potentiostat (PGSTAT 100  N, Autolab) 
at the potential range of −0.4 to 0.8 V (vs. Ag/AgCl elec-
trode) and scanning speed of 10 mV.s−1. A solar light sim-
ulator (model 69911, Newport) equipped with a xenon lamp 
(Oriel Xe, power density of 100 mW.cm−2) was used for il-
lumination. The electrolyte concentration and the acquisition 
parameters of the measurements are in accordance with the 
literature.29,33,36
2.3 | Statistical analysis
The statistical analysis was performed with the software 
STATISTICA® 13.0 Trial Version, using analysis of vari-
ance (ANOVA). For a variable to be considered significant 
and contribute to the regression model, its ρ- value calcu-
lated by ANOVA must be less than .05. A ρ- value of .05 
indicates a risk of 5%, which means that there is an associa-
tion when there is no actual association.37,38 The value of 
F represents the Fisher value, which is a ratio between two 
variances.
We also performed a multivariate linear regression to 
understand the impact of the temperature and time on the ID/
IG ratio. The multivariate linear regression was performed 
with the scikit- learn.39 The standardized coefficients of the 
regression model inform the importance of each parame-
ter (time and temperature) to predict the response variable 
(ID/IG ratio). To obtain the standardized coefficients, the 
original parameters (temperature and time) were standard-
ized. This step is necessary as time and temperature have 
very different scales (time is measured in minutes, while 
the temperature is measured in degrees Celsius). Then, the 
multivariate linear regression was fit to these standardized 
parameters.
3 |  RESULTS AND DISCUSSION
Initially, the influence of CVD synthesis parameters on 
the activity of Co- TiO2 nanotubes as catalysts was evalu-
ated via SEM. Figure 1 presents the SEM images of sam-
ples synthesized by CVD at 700 and 800°C for 10, 20, and 
30  min. It is possible to observe the deposition of nano-
tubular structures (possibly CNTs) onto the surface of the 
samples for all studied synthesis conditions. In the case of 
700°C, the amount of carbonaceous nanostructures cov-
ering the Co- TiO2 practically does not change for 10 and 
20 min (Figure 1A,B), but it decreases for 30 min (Figure 
1C). Besides, the Co- TiO2 nanotubes maintain their tubular 
structure and do not deteriorate as the synthesis time in-
creases. However, some cracks onto the array are formed 
with the increase of synthesis time. Similar behavior is 
observed for samples synthesized at 800°C (Figure 1D- F) 
with respect to the quantity of nanotubular structures de-
posited. However, the deterioration of Co- TiO2 nanotubes 
from 20 min of synthesis is noticed. The catalyst is entirely 
sintered in the sample treated at 800°C for 30 minutes, as 
can be seen in Figure 1F.
Raman spectroscopy was performed to verify the TiO2 
crystalline phases and CNT quality. The Raman spectra of 
the samples after the CVD treatment are shown in Figure 2. 
The TiO2 anatase phase presents six Raman active modes 
(3Eg + 2B1g + A1g) and the rutile phase has four Raman 
active modes (A1g + B1g + B2g + Eg).
40,41 The samples 
synthesized at 700°C (Figure 2A) presented Raman modes 
attributed to the anatase phase at 147 (Eg), 198 (Eg), 394 
(B1g), 513 (A1g/B1g), and 635 cm
−1 (Eg) for the three syn-
thesis times. These modes are also observed at the Raman 
spectrum of the sample synthesized at 800°C for 10  min 
(Figure 2B). However, the appearance of additional modes 
with small intensities at 444 and 610  cm−1 (Eg and A1g 
modes of rutile phase) can be noticed, which indicates the 
beginning of the phase transformation from anatase to ru-
tile. These modes become more intense as the synthesis 
time increases, and a new signal appears at 232 cm−1 after 
30  min of CVD. This signal is generated due to a disor-


















T A B L E  1  CVD parameters employed 
in the synthesis of the Co- TiO2/CNT 
structures
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800°C for 30 min presented only the Raman modes of the 
rutile phase, indicating the complete phase transition for 
greater synthesis times.
Additionally, the characteristic modes of CNTs were ob-
served for all synthesized samples (Figure 2A,B): D- band at 
1344 cm−1 and G- band at 1598 cm−1.30,42 A change in the 
intensity of the D- band can be seen with the increase in the 
synthesis time as well as the synthesis temperature. This 
vibrational mode associated with symmetry breaking is at-
tributed to defects in the structure of the CNTs. These defects 
include vacancies, dopants, tube ends, and carbonaceous im-
purities such as amorphous carbon.43,44 The ratio between the 
intensities of the D- and the G- band (ID/IG) can be employed 
for quantifying disorder induced by the presence of defects.31 
The ID/IG values calculated from the Raman spectra (Figure 
2) are shown in Figure 3. The increase in the synthesis time 
causes an increase in the ID/IG ratio for both synthesis tem-
peratures; that is, it decreases the quality of the CNTs. The 
lowest ID/IG ratios are observed for the samples synthesized 
for 10 min: ID/IG=0.88 (700°C) and ID/IG = 1.02 (800°C). 
In contrast, the sample synthesized at 800°C for 30 min pre-
sented the highest value (ID/IG  =  1.41). These results are 
similar to those of other studies that use Co as a catalyst for 
the synthesis of multi- walled carbon nanotube (MWCNT) by 
CVD.45,46
It is observed that the ID/IG values are lower in the sam-
ples that presented only the anatase phase in the spectra 
(samples obtained at 700°C). The ID/IG ratio increases as 
the phase changes from anatase to rutile, reaching the high-
est value when the phase transition is complete (tempera-
ture of 800°C and synthesis time of 30  min). The phase 
transformation generates tensions that may have been trans-
ferred to the CNTs, damaging their structure and increasing 
the ID/IG ratio.
Statistical analysis was performed to further evaluate the 
results obtained. Table 2 presents the analysis of variance 
(ANOVA) for the ID/IG variable using temperature and time 
as factors. The ρ- values for temperature and time are zero 
and demonstrate that both variables have statistical signifi-
cance. The interaction between time and temperature also (1 
by 2) displays a ρ- value of roughly zero, demonstrating that 
the interaction between the variables also has statistical sig-
nificance. The highest F- value occurs for the temperature and 
shows that the temperature is the most important variable to 
predict the ID/IG ratio.
The observations obtained from ANOVA can be better 
described by Figure 4, which presents the response sur-
face for the multivariate linear regression model. In this 
figure, the ID/IG response variable is plotted as a function 
of the standardized time and temperature. The time and 
F I G U R E  1  SEM images of the 
synthesized samples: at 700°C for (A) 10, 
(B) 20, and (C) 30 min; at 800°C for (A) 10, 
(B) 20, and (C) 30 min
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temperature are standardized as the original values have 
different units of measurement. Equation 1 describes the 
response surface as:
where Z is ID/IG ratio, X is the standardized temperature, and 
Y is the standardized time. Both variables have a positive cor-
relation with the ID/IG, as all the coefficients are positive. In 
this context, as the time and temperature increase, the Id/Ig is 
expected to increase. The model also clearly shows that the 
temperature impacts more on the ID/IG than the time. The tem-
perature's coefficient is 0.1224 (see Equation 1), roughly 75% 
higher than the time's coefficient (0.0717). This result is evident 
in Figure 4, as the response surface slope is steeper along the 
temperature axis. The model shows the strong linear relation-
ship between the parameters (time and temperature) and the 
response variable, since the coefficient of determination is 0.93 
(Figure 4), which is very close to 1.
The Pareto diagram (Figure 5) is another resource 
used in statistical analysis that makes it possible to verify 
which variable has the greatest significance in the results. 
According to ANOVA, the temperature is the parameter 
that has the greatest influence on ID/IG, which agrees with 
the results showed by the linear regression (Figure 4). The 
results presented in Figure 5 also show a positive influence 
of time, that is, increasing the synthesis time is likely to 
have an increase in the ID/IG value. In addition, the rela-
tionship between the time and temperature variables also 
has a positive influence, that is, a concomitant increase in 
time and temperature contributes to an increase in the ID/IG. 
The ID/IG ratio is associated with the carbon graphitization 
degree and is used to determine the quality of the CNTs. 
Lower ID/IG values indicate that the formed CNTs have a 
higher degree of graphitization, fewer defects, and, conse-
quently, higher quality.47 Therefore, shorter synthesis times 
and temperatures can be considered more suitable to ob-
tain higher quality nanotubes. Less defective CNTs perform 
better in photocatalytic applications due to their electrical 
conductivity.24,48,49
The crystalline structure and the phase transition of the 
samples were also evaluated by X- ray diffraction. Figure 
6 shows the diffractograms of the Co- TiO2 nanotubes and 
of the samples synthesized by CVD during 10  min. The 
synthesized samples for 20 and 30 min showed significant 
changes in their final form, precluding its characterization 
by XRD and subsequent application to the photocurrent as-
says. Besides, the samples obtained at 10 min were those 
with the least defective CNT (lowest ID/IG ratio).
The Co- TiO2 sample presents reflections assigned to ana-
tase (01- 071- 1167, space group I41/amd, n° 141) and titanium 
(00- 005- 0682, space group P63/mmc, n°194). In addition to 
these two crystalline phases, the presence of signals of the 
polymorph rutile (01- 073- 2224, space group P42/mnm, n° 
(1)Z = 0.0717X + 0.1224Y + 1.0281,
F I G U R E  2  Raman spectra of the samples synthesized at (A) 700 
and (B) 800°C [Color figure can be viewed at wileyonlinelibrary.com]
F I G U R E  3  ID/IG values of the samples synthesized by CVD at 
700 and 800°C [Color figure can be viewed at wileyonlinelibrary.com]
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136) can be seen after the CVD treatment at 700 and 800°C. 
These samples did not present the characteristic graphitic 
peaks at 26° and 43°,50 probably due to the high intensity 
of the TiO2 signals. The titanium reflections are observed in 
all samples due to the small thickness of both the anodized 
Co- TiO2 layer and the carbon nanostructures grown by CVD.
XRD measures shown in Figure 6 indicate that the inten-
sity of anatase signals decreases as the temperature increases, 
while the intensity of the reflections of the rutile phase in-
creases. An estimate of phases proportion in terms of the ana-
tase fraction (xA) was calculated using the Spurr and Myers 
method51 (Equation 2), where IR corresponds to the reflec-
tion intensity (110) of the rutile and IA to the intensity of the 
reflection (101) of anatase. The sample synthesized at 700°C 
presented xA = 0.53, while at 800°C, the xA is 0.11. Thus, the 
increase in temperature led to a reduction of the xA fraction.
(2)xA =
1






ANOVA; Var.: ID/IG; Adj:0.93025
2**(2- 0) design; MS Residual = 0.00247
DV: ID/IG
SS df MS F p
(1) Temperature 0.471521 1 0.471521 190.8983 .000000
(2) Time 0.186840 1 0.186840 75.6434 .000000
1 by 2 0.106766 1 0.106766 43.2247 .000002
Error 0.049400 20 0.002470
Total SS 0.814526 23
Abbreviations: df, variance (degrees of freedom); F, F- value; MS, mean square; p, p- value; SS, sum of squares.
The bold lines indicate that the variables have statistical significance.
T A B L E  2  Analysis of variance for the 
ID/IG variable
F I G U R E  4  Response surface for the ID/IG response variable 
in function of temperature and time. The time and temperature are 
standardized [Color figure can be viewed at wileyonlinelibrary.com]
F I G U R E  5  Pareto diagram for the ID/IG variable in 
function of temperature and time [Color figure can be viewed at 
wileyonlinelibrary.com]
F I G U R E  6  X- ray diffractograms of Co- TiO2 nanotubes and of the 
samples synthesized by CVC at 700 and 800°C [Color figure can be 
viewed at wileyonlinelibrary.com]
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FE- SEM and TEM analyses were performed to investi-
gate the morphology of the structures in detail. Figure 7 pres-
ents FE- SEM and TEM images of the samples obtained by 
CVD at 700 and 800°C. The Co- TiO2 nanotube tips can be 
seen in the FE- SEM images (Figure 7A and C), showing that 
the structure was not degraded after CVD synthesis for the 
two employed temperatures. In addition, nanotubular struc-
tures are observed covering the Co- TiO2 arrays in both cases. 
Apparently, these structures have a larger diameter at the syn-
thesis temperature of 800°C (Figure 5C). This is confirmed 
by the TEM images (Figure 7B and D), where it is possible 
to observe the difference in tube diameters. The nanotubes 
obtained at 700°C have a diameter of approximately 15 nm. 
Nanotubes with a larger diameter (30 nm) are observed with 
the increase of CVD synthesis temperature to 800°C. These 
nanotubes have thicker walls, indicating the presence of more 
layers. In this way, the TEM images confirm that the nanotu-
bular structures are MWCNTs.
The photocurrent performance of the Co- TiO2/CNT struc-
tures was determined by linear voltammetry. Figure 8 pres-
ents the current density of the Co- doped TiO2 nanotubes and 
of the samples synthesized by CVD at 700 and 800°C for 
10 min. The Co- TiO2 nanotube electrode presented current 
density of 0.12 mA.cm−2 at 0.8 V versus Ag/AgCl. This value 
is similar to results reported in the literature for electrodes 
obtained under similar synthesis conditions.33,52 The samples 
synthesized by CVD at 700 and 800°C showed current densi-
ties of 1.13 mA.cm−2 and 7.84 mA.cm−2, respectively, which 
is 9 and 65 times greater than the Co- TiO2 sample. It is ob-
served that the deposition of CNTs onto the surface of the Co- 
TiO2 nanotubes significantly improved the light- harvesting 
performance of the electrodes. The CNTs enhanced the light 
absorption of the Co- TiO2 array and retarded its charge re-
combination.21,53,54 The development of an elevated photo-
current is due to the concentration of charges in the CNTs as 
the photoexcited electrons are transferred from the Co- TiO2 
nanotubes.
F I G U R E  7  (A) FE- SEM and (B) MET 
images of the sample obtained at 700°C and 
(C) FE- SEM and (D) MET images of the 
sample obtained at 800°C
F I G U R E  8  Current density curves of the Co- TiO2 nanotubes and 
the samples synthesized by CVD at 700 and 800°C [Color figure can 
be viewed at wileyonlinelibrary.com]
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The temperature effect in the electrode photoresponse is 
evident since the photocurrent curves of the Co- TiO2/CNT 
structures show an increase in the current density as the 
CVD synthesis temperature increases. The importance of 
carrying out a detailed study of the synthesis parameters 
is perceived when comparing the results obtained with the 
previous work.29 A photocurrent of 1.02 mA.cm−2 was ob-
tained (at 0.4 V vs. Ag/AgCl) for the sample synthesized 
at 750°C. In the present research, the samples produced at 
700°C and 800°C presented photocurrent of 0.6 mA.cm−2 
and 1.93  mA.cm−2 (at 0.4  V vs. Ag/AgCl), respectively. 
Thus, applying a higher synthesis temperature (namely 
800°C) caused a large improvement to the photoelectro-
chemical performance. This enhancement may be related to 
the crystalline phases present in the samples (see Figure 6). 
The sample synthesized at 800°C contains more rutile in its 
composition than the others (lower xA value). Some authors 
affirm that the separation and transport of charges may be 
more effective for samples that present a mixture of anatase 
and rutile phases.25,55
The photocurrent densities obtained in the present work 
are much larger than those reported in the literature.20,27,56 
For instance, Chai et al.27 obtained photocurrent of 0.02 mA.
cm−2 for fullerene (C60) decorated single- walled CNTs/TiO2 
nanocomposites (C60- d- CNTs/TiO2); and Chaudhary et al.
56 
synthesized a ternary nanocomposite employing a noble 
metal (Ag/TiO2/CNT) with photocurrent density of 0.91 mA.
cm−2. The superior photoresponse of the Co- TiO2/CNT elec-
trodes compared with the abovementioned works can be ex-
plained by the TiO2 morphology employed by the authors 
(i.e., nanoparticles). In this work, we used TiO2 nanotubes 
to form the TiO2/CNT hybrid material. This morphology has 
some advantages over the nanoparticles, such as high specific 
surface area, increased electron transport efficiency, and di-
minished charge recombination.57
4 |  CONCLUSIONS
Electrodes of Co- doped TiO2 nanotubes and multi- walled 
CNTs (Co- TiO2/CNT) were successfully obtained via elec-
trochemical anodization and CVD. The influence of time 
and temperature of the CVD synthesis on the Co- TiO2/CNT 
structure and properties was investigated. The experimental 
results and the statistical analysis showed that the shortest 
synthesis (10 min) is more suitable for electrode production 
since higher synthesis time deteriorated the Co- TiO2 nano-
tube arrays and produced more defective CNTs. The synthe-
sis carried out at 800°C for 10 min presented a higher content 
of rutile phase and ID/IG  =  1.02. This sample developed a 
photocurrent density of 7.84  mA.cm−2, which is 65 times 
greater than the Co- TiO2 sample. The synergistic effect of 
CNT deposition and crystalline phase composition produced 
electrodes with improved photoresponse for the application 
in H2 production.
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